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2. Conducted acoustic transects of the internal wave field patterns on and off the bank.
3. Constructed spars to mount ADCP and camera/velocimeter independently of the research vessel, vastly improving measurements.
4. Obtained measurements of the internal wave field on the bank using the T-chain and small-scale velocity measurements (velocimeter, 1 cm 3 volume). 1200 kHz ADCP data down to 15-17 m were collected but not yet analyzed.
5. A small flume (32 L) has been built and calibrated. Flow speeds recorded in the field are within the range of speeds achieved in the flume. Upward velocities were created by moving a perpendicularly mounted cylinder into the flow. The speed of the cylinder was controlled by a linear drive with 25 cm travel. This allowed us to mimic the approach (increasing upward velocity) and passing (downward velocity) of an internal wave.
6. Preliminary data on krill behavior were made in Norway in May 2008. Animals were tethered on a small glass rod and positioned within the flume. Flow measurements where made simultaneously with video observations of krill behavior and analyzed for increased swimming speeds as a function of changes in vertical velocity. Preliminary data (1 animal) show a significant increase in swimming speed and duration of swimming with increased flow speed.
RESULTS
Field measurements: A spar-mounted camera and velocimeter were used to measure the vertical velocity of internal waves passing over Platts Bank (Figs. 1-3) . The spars dramatically improved data collection by reducing high-frequency vertical motions. A MgCO 3 source near the velocimeter provided enough particles to measure velocities in a small volume (1 cm 3 ) at high frequency (16 Hz), which was previously a problem in the relatively clear offshore waters. Vertical velocities measured by the velocimeter were on the order of 0.025 m/s, or ~1 body length s -1 for the average euphausiid in our study area. The measurements agree with vertical displacement rates calculated with T-chain data. The advantage to the T-chain is that it records displacements at all depths above approximately 22 m (Fig. 4) , and can be deployed all day without interruption. T-chain data recorded a drop in the average depth of a reference isotherm with the onset of slack tide, apparently the cessation of an internal tide on the bank (Fig. 5) . This is the best measurmeent we have of this phenomenon, observed before with acoustic data which are ambiguous about the specific depth of the pycnocline. The depth of the pycnocline has an impact on how the IWs affect surface flows and, we hypothesize, surface plankton aggregations. The change in water column structure is shown with CTD data in Figure 6 .
Laboratory measurements: In a small flume (32 L) we were able to mimic the increasing upward velocity and decreasing downward velocity typical of IWs measured in our field site. Preliminary data on krill behavior (1 animal) show a significant increase in swimming speed and duration of swimming with increased flow speed.
IMPACT/APPLICATIONS
We plan to increase knowledge of krill behavior in offshore waters, including vertical distribution, interannual variability in abundance, interactions with internal waves, and mechanisms of patch formation. In addition, we will define thresholds for reactions to flow fields that should have broader application than just internal waves or Platts Bank. By studying bio-physical mechanisms and upper trophic level behaviors on Platts Bank, we hope to provide insight into the processes that affect good and poor feeding conditions in areas of rapid topographic relief, such as Platts Bank, and the foraging behaviors and strategies that allow highly mobile, upper trophic level predators to exploit scattered and ephemeral feeding areas. This would help to explain vagrancy/residency patterns and movements of animals, including the large whales.
RELATED PROJECTS
This project has a relationship with the Gulf of Maine Area Program of the Census of Marine Life (http://www.usm.maine.edu/gulfofmaine-census/), which funded the first two years of observations on Platts Bank and led to the current research program funded by ONR. The Census is focused on defining patterns of biodiversity in the oceans and the processes that shape them. The Gulf of Maine program has the additional aim of describing how that diversity influences the ecosystem, and how diversity and functionality can be maintained. Incze is the lead PI on the program, and Kraus leads the upper trophic level expert group. The census is entering its synthesis period in 2009-2010. Fig. 7) and, we hypothesize, the formation of surface aggregations in the convergence zones. Casts 1-4 were taken at 09:43, 13:23, 14:03 and 14:57, respectively. The first two casts were taken when an internal tide over the crest of the bank kept the average pycnocline depth shallow; the latter two were taken after the internal tide had relaxed with the slack tide. Tide information is from Portland Harbor and is probably close in time to the local tide, which will be calculated from dGPS drift rates (the ADCP cannot be used for measuring tidal velocity over the bank due to a lack of bottom tracking reference in the deep water). 
